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NEW PEPTIDE INTERACTING WITH ANTI-APOPTOTIC PROTEINS 

OF THE Bcl-2 FAMILY 

The present invention relates to a new peptide interacting with Bcl-XL and/or Bcl-2 and/or 
Bcl-W, and also to screening methods allowing identification of compounds that are 
capable of modifying that interaction. 

Most biological processes involve protein-protein interactions. One of the goals set by 
proteomics is to produce a map of those interactions. By virtue of their being involved in 
most signal transduction mechanisms, these interactions are targets of choice in the 
development of a medicament. 

There are numerous methodologies which allow protein interactions to be identified. One 
of the most widespread is the two-hybrid system initially developed and described by 
Fields et al. (US 5,283,173; US 5,468,614; US 5,667,973). 

This system basically consists of an in vitro test between two recombined proteins. The 
first of these, known as the "bait" protein, is a chimeric protein fused to a DNA binding 
domain (BD) capable of binding upstream of a reporter gene. The binding domains 
commonly used are those of Gal4 or E.coli LexA. 

The second protein is also a chimeric protein, commonly known as the "prey", which 
contains an activation domain (AD), generally coming from Gal4. 

However, those conventional methods have their limitations. It is well known, for example, 
that such screening methods can result in false positives and/or false negatives, and 
biochemical confirmations of the results obtained are necessary. 

A more effective technique allowing false positives or negatives to be minimised is 
described in the patent application W09942612 and uses recombinant haploid yeasts 
containing the "bait" and "prey" proteins. This system allows detection of a greater number 
of "preys" using one "bait" in a more precise, more reproducible and more sensitive manner 
than the other conventional methods used in the field. 



Apoptosis is a process of cell death that plays a crucial role in multicellular organisms. 
There are, in fact, two forms of cell death: necrosis and apoptosis. Necrosis is found in the 
case of tissue lesions: the cells swell, leading to release of the cellular contents and then to 
lysis of the cell, causing inflammation of the surrounding tissues. 

Apoptosis, on the other hand, is a physiological process which is programmed and 
regulated and the importance of which cannot be underestimated because about 10 9 of our 
cells die by this mechanism every day. Numerous pathologies are linked to deregulation of 
the equilibrium that exists between cell growth, survival and death. 

There may be mentioned, in particular, autoimmune diseases, certain neurological 
disorders and cancers. 

Keeping a cell alive or programming its death requires at least ten families of different 
proteins, among which the Bcl-2 family plays a major role. This family comprises about 
twenty proteins, including Bcl-2, Bcl-XL and Bcl-W, which are anti-apoptotic proteins 
favouring survival of the cell, as opposed to Bax, Bak and Bid, which are pro-apoptotic 
proteins. In the course of apoptosis it would seem that the members of the Bcl-2 family 
modify their interactions with their partners so as to cause irreversible changes in the cell 
leading to cell death. 

It is accordingly essential to be able to identify compounds capable of modifying those 
interactions in order to obtain real candidate medicaments that are efficacious in 
pathologies involving deregulation of apoptosis, especially autoimmune diseases, certain 
neurodegenerative disorders and cancers. 

The Applicants have now identified a new peptide interacting with anti-apoptotic proteins 
of the Bcl-2 family, more especially Bcl-2, Bcl-XL and Bcl-W. 

This peptide of 22 amino acids corresponds to the precise interaction domain with anti- 
apoptotic proteins of the Bcl-2 family, more especially Bcl-2 and/or Bcl-XL and/or Bcl-W, 
and has the typical structural features of a "BH3" motif, the interaction domain allowing 
the formation of homo- or hetero-dimers. 



The small size of this peptide makes it an ideal candidate for developing a test allowing 
highly efficient screening of compounds that are capable of modifying interactions between 
those proteins. 

Numerous tests are found in the literature for screening modifiers of protein-protein 
interactions but they often have limitations with regard to their sensitivity and their high- 
throughput feasibility. The methods customarily employed necessitate the use of complex 
tools (interactions between fusion proteins, between recombinant proteins etc.), which is 
not very compatible with high-throughput screening. Very frequently they generate a high 
level of background noise and are of low reliability from a quantitative point of view: they 
provide a reduced reading window that does not allow optimum screening of the 
compounds tested. 

However, the Applicants have developed a highly efficient screening test based on 
fluorescence polarisation (Owicki J.C. et al, Journal of Biomolecular Screening, 5, 2000, 
297-306). This technique allows, for example, measurement of the interaction between a 
fluorophore-labelled ligand and a receptor. The principle consists of measuring an increase 
in the polarisation of fluorescence emitted by the ligand when bound to its receptor 
compared to that emitted by the free ligand. The fluorescence polarisation of the free ligand 
is dependent on its molecular weight and will be greater the higher the molecular weight of 
the aforesaid ligand. Accordingly, when this test is carried out using a ligand of high 
molecular weight, having a high level of intrinsic fluorescence polarisation, it will be 
difficult to reliably evaluate the difference in fluorescence polarisation between the free 
ligand and the bound ligand. Using a ligand of reduced size, on the other hand, will allow 
that difference to be accentuated and consequently allow the precision of the assay to be 
increased. It will accordingly be possible to better evaluate the real activity of a compound 
and to carry out high-throughput screenings. 

More specifically, the present invention relates to the peptide comprising the sequence of 
amino acids described in SEQ. ID. NO.l and to its functional variants. 



"Functional variants" are understood to be any fragments or point mutants of the peptide 
described in SEQ. ID. NO.l that are capable of interacting with anti-apoptotic proteins of 
the Bcl-2 family, more especially Bcl-2 and/or Bcl-XL and/or Bcl-W. 

This peptide was identified by the two-hybrid method using Bcl-XL, Bcl-W and Bcl-2 as 
"bait" proteins. Three banks of human cDNA (placenta, brain, cell line CEMC7) were 
screened and allowed the identification of "prey" fragments corresponding to partial 
sequences of the sequence HC21ORF80 (Accession Number NM_0 15227). 
It was then determined experimentally by the two-hybrid technique that a fragment of that 
sequence is necessary and sufficient to obtain the interaction with Bcl-XL and/or Bcl-2 
and/or Bcl-W and corresponds to the fragment of 22 amino acids described in SEQ. ID. 
NO.l. 

Interaction with the proteins Bcl-2, Bcl-W and Bcl-XL was validated by biochemical 
techniques (co-immunoprecipitation, GST pull-down), and it was possible to confirm the 
biological activity of this peptide by transfections and/or microinjections into cells where it 
was shown to cause apoptosis. 

The present invention relates also to sequences of nucleic acids deduced according to the 
genetic code from the sequence of amino acids described in SEQ. ID. NO.l, and also to 
those deduced from the functional variants described hereinbefore. 

More specifically, the invention relates to the nucleic acid sequence SEQ. ID. NO.2 coding 
for the peptide described in SEQ. ID. NO.l. 

A "nucleic acid sequence" is to be understood as a nucleic acid sequence isolated from its 
natural context and in particular denotes sequences that have been isolated, amplified 
and/or purified and, as the case may, modified by genetic engineering. 

The invention relates also to a recombinant vector comprising a nucleic acid sequence 
according to the invention. 



A "vector" is to be understood as any type of vector allowing introduction of the nucleic 
acid sequence into a host cell and expression of the polypeptide. 

The recombinant vector according to the invention is characterised in that it comprises 
DNA sequences necessary for expression of the peptides according to the invention and, 
more especially, of the peptide described in SEQ. ID. NO.l. 

There may be mentioned, in particular, vectors derived from bacterial plasmids, 
bacteriophages, yeast plasmids and chromosomes, viruses etc.. 

The invention relates also to host cells transformed by the recombinant vectors. These cells 
are preferably bacteria or eukaryotic cells. There may be mentioned, by way of example, 
Escherichia coli, yeasts, insect cells or mammalian cells. 

The invention relates furthermore to a method of screening agents capable of modifying the 
interaction between the peptides according to the invention, more especially the peptide 
described in SEQ. ID. NO.l, and anti-apoptotic proteins of the Bcl-2 family, more 
especially Bcl-2, Bcl-W and Bcl-XL. The agents modifying those interactions will 
advantageously be compounds that have been chemically synthesised or obtained from 
compound banks. 

The screening method according to the invention comprises the following steps : 

a) preparation of a peptide according to the invention labelled with a fluorescent label; 

b) incubation with the compound under test; 

c) addition of the fusion protein comprising the anti-apoptotic protein; 

d) measurement of the fluorescence polarisation. 

The invention relates especially to the method of screening compounds capable of 
inhibiting the interaction between the peptide and the anti-apoptotic protein, 
comprising the following steps : 

a) preparation of the peptide according to the invention labelled with a fluorescent 
label; 

b) incubation with the compound under test, or not; 



c) addition of the fusion protein comprising the anti-apoptotic protein; 

d) measurement of the fluorescence polarisation with and without the compound under 
test; 

e) selection of the compounds for which the increase in fluorescence polarisation 
observed with the compound under test is significantly less than that observed 
without the compound under test. 

The invention relates especially to the method of screening compounds capable of 
enhancing the interaction between the peptide and the anti-apoptotic protein, 
comprising the following steps : 

a) preparation of the peptide according to the invention labelled with a fluorescent 
label; 

b) incubation with the compound under test, or not; 

c) addition of the fusion protein comprising the anti-apoptotic protein; 

d) measurement of the fluorescence polarisation with and without the compound under 
test; 

e) selection of the compounds for which the increase in fluorescence polarisation 
observed with the compound under test is significantly greater than that observed 
without the compound under test. 

According to a preferred embodiment of the methods described hereinbefore, the 
fluorescent label will be, for example, Oregon Green, Bodipy or fluorescein, more 
especially fluorescein. 

The peptide according to the invention used in the screening methods will preferably be 
the peptide described in SEQ. ID. NO.l. 

The methods according to the invention will advantageously be carried out using anti- 
apoptotic proteins of the Bcl-2 family, more especially Bcl-2, Bcl-W and Bcl-XL. 



Consequently, the invention relates also to use of the peptides according to the invention in 
the screening, according to the methods of the invention, of active compounds capable of 
modifying apoptosis. 

More specifically, the invention relates to use of the peptides according to the invention in 
the screening, according to the methods of the invention, of compounds that are useful in 
the treatment of pathologies involving deregulation of apoptosis. 

The invention accordingly relates to use of the peptides according to the invention in the 
screening, according to the methods of the invention, of compounds that are useful in the 
treatment of autoimmune diseases, certain neurological disorders and cancers. 

DESCRIPTION OF THE FIGURES 

Figure 1 : "GST pull-down" GST-Bcl-XL + TBid with competition by the peptide 
described in SEQ. ID. NO.l. 

Figure 2 : Determination of the K<j of the peptide described in SEQ. ID. NO.l for Bcl-XL 
Figure 3 : Determination of the Kd of the peptide described in SEQ. ID. NO.l for Bcl-W 

The following Examples illustrate the invention without limiting it in any way : 

EXAMPLE 1 : Identification of the peptide described in SEP. ID. NO.l 

Three banks of human cDNA (placenta, brain, cell line CEMC7) were screened by the two- 
hybrid technique (Fields et al) in yeast using the conjugation protocol (Legrain et ai, 
Nature Genetics, 1997, 16, 277-282). 



1) Preparation of "baits" and "preys" 



a) The "baits" used are : - C-terminal truncate of Bcl-XL (1-209) fused to the Lex A 
DNA binding domain 

- C-terminal truncate of Bcl-2 (1-211) fused to the Lex A 

DNA binding domain. 

They are expressed in Saccharomyces cerevisiae (CGI 945 or L40AGal4) and 
precultured at 30°C in a synthetic medium lacking tryptophan (DO-Trp) until a 
D0 6 oonm of between 0.1 and 0.5 inclusive is obtained. Fifty ml of a dilution of that 
preculture (D0 6 oonm = 0.006) are incubated at 30°C overnight. 

b) A collection of yeasts containing the plasmids expressing the cDNA banks, fused to 
the Gal4 transcription activation domain, is obtained by transformation following 
selection on a medium lacking leucine (DO-Leu). The yeasts are divided into aliquots 
and stored at -80°C. 

2) Conjugation 

Conjugation is carried out using a n bait7"prey" ratio of 2. 

An amount of "yeast bait" cells obtained in Step l)a) corresponding to 50 units of 
D0 6 oonm is mixed with the "yeast preys" obtained in Step l)b). After centrifiigation, the 
sediment is resuspended in a YPGlu medium, spread onto YPGlu culture plates and 
incubated for 4 hours 30 minutes at 30°C. Selection of the conjugated yeasts containing 
a "bait" and a "prey" capable of interacting with one another is carried out in a 
DO-Leu-Trp-His medium : the absence of leucine and tryptophan makes it possible to 
maintain a selection pressure allowing only those yeasts that contain the two types of 
plasmid ("baits"/"preys") to develop; the absence of histidine from the medium makes 
it possible to select the conjugated yeasts containing a "bait" plasmid and a "prey" 
plasmid capable of interacting with one another: this interaction makes it possible to 
activate the HIS 3 gene, which codes for an enzyme involved in the biosynthesis of 
histidine. 



3) Identification of positive clones 



The "prey" fragments of a colony of yeasts selected according to 2) are amplified by 
PCR starting from a crude lysate of that colony using specific primers of the "prey" 
vector : 

ABS1 5 ' -GCTTTGGAATC ACTAC AGG-3 * (SEQ. ID. NO. 3), 
ABS2 5 5 -C ACGATGC ACGTTGAAGTG-3 5 (SEQ. ID. NO. 4). 

The PCR products are then sequenced and the sequences obtained are identified by 
comparison with databases. 

Among the positive clones obtained, it was possible to identify fragments of about 
300 amino acids as being partial sequences of the sequence HC21ORF80 (Accession 
Number :NM_0 15227). 

4) Identification of the peptide described in SEP. ID. NO. J 

Two-hybrid experiments carried out according to Steps 1), 2) and 3) described above 
on smaller fragments of the sequence HC21ORF80 allowed identification of a short 
peptide of 22 amino acids as being necessary and sufficient to obtain the interaction 
with Bcl-XL and/or Bcl-W and/or Bcl-2 : Asp-Thr-Arg-Arg-Ser-Met-Val-Phe-Ala-Arg- 
His-Leu-Arg-Glu-Val-Gly-Asp-Glu-Phe-Arg-Ser-Arg (SEQ. ID. NO.l). 

EXAMPLE 2 ; Validation of the interaction between the peptide described in 
Example 1 and Bcl-W and/or Bcl-XL and/or Bcl-2 

1) GST "vull-down" 

The interaction between the peptide obtained in Example 1 and Bcl-W and/or Bcl-XL 
and/or Bcl-2 is validated by measuring the shift in the interaction between a Bid protein 
having a "BH3" motif and the fusion protein GST-BcI-XL, GST-Bcl-W or GST-Bcl-2. 
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a) Synthesis of radiolabelled Bid 

The labelled protein is obtained using the TNT Quick Master kit (Promega). Forty |al of 
TNT mixture are incubated for 90 minutes at 30°C together with 2 jil (equivalent to 
20 lid) of 35 S-methionine (Amersham), 1 jxg of plasmid DNA coding for Bid and a 
sufficient amount of water to obtain a volume of 50 \xl. 

The number of fmoles/|il of radioactive protein produced is calculated on the basis of 
the number of methionines in the protein. 

b) GST "pull-down" 

Four ftnoles of radioactive Bid protein are incubated at 4°C for 3 hours together with 
3 ng of the fusion protein glutathione-S-transferase-Bcl-XL (GST-Bcl-XL) or 
glutathione-S-transferase-Bcl-2 (GST-Bcl-2) or glutathione-S-transferase-Bcl-W 
(GST-Bcl-W) or GST alone in 300 |al of binding buffer (142mM KC1, 5mM MgCl 2 , 
lOmM Hepes buffer, 0.5mM DTT, ImM EDTA, protease inhibitor, pH 7.4) and 0.4 % 
Triton XI 00. Beads of "Glutathione Sepharose 4 Fast Flow" (Amersham) are washed 
3 times in the binding buffer and resuspended in that buffer so as to obtain a 50 % 
solution. 20 jil are added to each sample and incubated with rotation at 4°C for 1 hour. 
The beads are then washed 3 times in the binding buffer, and then 25 \xl of 2x SDS 
buffer, Laemmli (Sigma) are added. The samples are then held for 5 minutes at 95°C 
and then applied to a 12 % Tris-glycine gel (Invitrogen). After electrophoresis, the gel 
is subsequently incubated in a drying solution (Invitrogen) for 30 minutes and then 
dried for 150 minutes at 70°C. The radioactive proteins are revealed by exposure to a 
Kodak BioMax MS-1 film (Sigma). In order to carry out the competition test with the 
peptide under test, the latter is added to the initial solution in concentrations ranging 
from 5 to 20|iM. 

c) Results 

When the peptide obtained in Example 1 is added to the initial solution, the 
autoradiographic signal of Bid disappears. This result shows that the peptide obtained 
in Example 1 inhibits the interaction between Bcl-W and Bid, between Bcl-XL and Bid 
and between Bcl-2 and Bid. 



By way of example, the result obtained between Bcl-XL and Bid is shown in Figure 1 . 

2) Fluorescence polarisation : Determination of the Kh of the interaction between the 
peptide obtained in Example 1 and the anti-apoptotic protein 

A 15nM solution of the peptide obtained in Example 1 labelled with fluorescein at the 
N-terminal end is mixed with a solution containing the fusion protein GST-Bcl-XL or 
GST-Bcl-W at a concentration varying from InM to 5|oM in a buffer containing 
Na 2 HP0 4 20mM pH 7.4, EDTA ImM, NaCl 50mM, pluronic acid F-68 0.05 %. The 
fluorescence polarisation is then measured by the En Vision apparatus (Packard Perkin- 
Elmer). 

The results obtained are shown in Figures 2 and 3. 

Results : A significant increase in fluorescence polarisation is observed when the 
peptide obtained in Example 1 is incubated with the fusion proteins containing Bcl-XL 
and Bcl-W, demonstrating that it has been bound to these proteins. 

The K<i obtained with Bcl-XL is 2.15 x 10" 7 M (Figure 2) and that obtained with Bcl-W 
is 4.11 x 10 _7 M (Figure 3). 

EXAMPLE 3 : Screening test for compounds capable of inhibiting the interaction 
between Bcl-W and/or Bcl-XL and/or Bcl-2 and the peptide obtained 
in Example 1 

The compounds under test are dispensed into 384-well plates (Corning Flat Bottom) at a 
final concentration of 10 jig/ml. One well is filled with an equivalent amount of 
buffer/solvent without the compound under test to form the control. The peptide obtained 
in Example 1, labelled with fluorescein, is added to each well so as to obtain a final 
concentration of 15nM. The fusion protein GST-Bcl-XL, GST-Bcl-W or GST-Bcl-2 is then 
added so as to obtain a final concentration of 500nM (Bcl-XL, Bcl-2) and 1 |iM (Bcl-W) in 
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a buffer containing Na 2 HP0 4 20mM pH 7.4, EDTA ImM, NaCl 50mM and pluronic acid 
F-68 0.05 %. The fluorescence polarisation is then measured by the En Vision apparatus 
(Packard Perkin-Elmer). A significant decrease in the fluorescence polarisation recorded in 
the test carried out with the test compound compared to that obtained without the test 
compound (control well) allows the conclusion that the compound possesses inhibitory 
activity. Conversely, a significant increase in fluorescence polarisation in the test with the 
test compound compared to the control allows the conclusion that the compound possesses 
activating activity. 



